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Abstract: We describethe classOgshav for creatingshaw files with Overture. This classcanbe usedin solversin orderto
save solutionandcommentsnto a databasefile (“show file”) thatcanbelaterreadby plotStuf. “plotStuff” canbeused
graphicallydisplaytheresultsfoundin the show file.

We alsodescribehe classShavFileReademwhich canbe usedto readgridsandsolutionsfrom a show file. The
ShavFileReadercanbe usedby PDE solversto readin initial conditionsfrom soluitionsthathave previously beensaredin a
shaw file.
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Figurel: A shaw file with multiple frames frameshold solutionsat differenttimes. For moving grids,a grid is foundin each
frame,otherwisethegrid is only in framel

1 Intr oduction

This classcanbeusedin solversin orderto sase solutionandcommentsnto a databasefile (“show file”) thatcanbelaterread
by plotStuf. “plotStuff” canbeusedgraphicallydisplaytheresultsfoundin theshaw file. The executableplotStuf is foundin
Overture/bin/plotStuft

A shawfile consistof a sequencef “frames”. A framewill hold “items” thatarerelated.In atypical case therewill be
oneframefor eachtime whenthe solutionis saved. Eachframewill hold oneor moregrid functions.Grid functionsappearing
in differentframesbut having the samenamewill berecognizedy plotStuf. This sequencef grid functionscanbe usedto
make a“movie”.

Commentganalsobe savedin the shonfile. Therearetwo typesof commentsGeneracommentsareassociatedvith the
whole shonfile andare printedout whenplotStuf first readsthe shawfile. Therearealsocommentghatareassociatedvith
eachsolutionin the shonfile. ThesecommentsaredisplayedwhenplotStuf plotsthe solution.

Otherthingscanbe savedin the shanfile, suchasatime sequenc®f somevalues.CurrentlyplotStuf only knows how to
plot realCompositeGridFunctiomalthoughonecanwrite a subroutingo tell plotStuf how to plot otherthings.

2 ClassOgshawv
2.1

2.1.1 constructors

Ogshaw()

Interface

Description: default constructor

Author: WDH

Ogshaw(constaString & nameOfShavFile,

constasString & nameOfDirectory =".",
int useSteamMode=false)

Description: constructa shaw file

nameOfShavFile (input) : nameof thenew shaw file to create



nameOfDirectory (input) : directoryin the Overlappinggrid databasefile to use
useSteamMode(input): if true,savefile in streamingnode(compressed)

Author: WDH

2.1.2 close
int
close()

Description: Closeashow file.

2.1.3 cleanup
int
cleanup()

Access: protected

Description: Closeandcleanuptheshaow file.

2.1.4 open
int
open(constaString & nameOfShavFile,

constaString & nameOfDirectory =".",
int useSteamMode=false)

Description: Openashaw file (closeary currentlyopenfile).
nameOfShavFile (input) : nameof thenew show file to create
nameOfDirectory (input) : directoryin the Overlappinggrid databasefile to use

useStreamMode(input): if true,savefile in streamingmode(compressed)

2.1.5 getFrame

HDF _DataBase*
getFrame()

Description: Returnapointerto thedatabasedirectoryholdingthecurrentframe.You couldusethis pointerto save additional
datain theframe.In thefollowing examplesomeextra datain theform of arealArrayis savedin theframe.

QOgshow show(. . .);

show. st art Frane() ;

real Array nyDat a(10);

nmyDat a(0)=1.; nyData(1)=2.; .

show. get Frane() - >put (nyDat a, "ny data");

This datacanberetrievedusingthe ShawvFileReader
Return value: Returna pointerto the databasedirectoryholdingthe currentframe,possiblyNULL.

Author: WDH



2.1.6 setFlushFrequency

void
sdatFlushFrequency(constint flushFrequency=5)

Description: Flushthefile every time "flushFrequeng”’ frameshave beenadded.In the currentimplementatioriflushing the
file” consistof closingthefile andopeninga new file to save new framesin.

flushFrequency(input): If positive thenthefile is "flushed” whenevery time this mary new frameshave beenadded.

Author: WDH

2.1.7 getFlushFrequency
int
getFlushFrequency()const

Description: Returntheflushfrequeng.

2.1.8 setMovingGridPr oblem

void
setMovingGridPr oblem( constbool trueOrF alse)

Description: Indicateif thisis amoving grid problemsothatthegrid is savedin every frame
trueOrF alse(input): TRUE is thisis a moving grid problem
Author: WDH

2.1.9 getNumberOfFrames
int
getNumberOfFrames()const

Description: returnthe numberof framesthatexist in the show file.

Author: WDH

2.1.10 startFrame

int

startFrame( constint frameNo = newFrame)
Description: starta new frameor write to anexisting one

frameNo (input): by default starta new frame,otherwiseopena framewith the givenvalue.

Author: WDH

2.1.11 endFrame
int
endFrame()

Description: Endthe currentlyopenframe (if ary). The mainpurposeof calling this routineis to closea sub-fileif this was
the lastframein the sub-file. This will allow the sub-fileto be readprogramssuchas plotStuf. WARNING: oncea
sub-fileis closedyou canno longerwrite to aframein thatsub-file. This needso befixed.

Author: WDH



2.1.12 saveGeneralComment
int
saveGeneralComment(constaString & comment0)

Description: Sare ageneracommentthis comments associatedavith theentireshow file). Multiple commentsanbe saved
by repeatedlycalling this function.

commentO(input): commento save.

Author: WDH

2.1.13 saveComment

int

saveComment(constint commentNumber constaString & comment0)
Description: Save acommento goin thecurrentframe.
commentNumber (input): An integer, 0,1,2,..thatnumberghe comment
commentO(input): commento save.

Author: WDH

2.1.14 saveSolution
int
saveSolution(realMappedGridFunction & u,

"y

constaString & name="u",
int frameForGrid = useDefaultLocation)

Description: Save a mappedGridFunctioin the currentframe. (for now save a CompositeGridFunction)
u (input) : grid functionto save

name (input): savein theframeunderthis name.(Currentlyif you changethis namefrom the default thenplotStuf will not
find thesolution).

frameForGrid : indicateswherein the show file the grid for this solutioncanbe found. This grid will savedin this frameif
it doesnot alreadyexist. useDe#ultLocation: usedefault location(frame 1), useCurrentFrame currentframe,> 0 :
specifyaframenumber

Author: WDH

2.1.15 saveSolution
int
saveSolution(realGridCollectionFunction & u,

"y

constaString & name="u",
int frameForGrid = useDefaultLocation)

Description: Save arealGridCollectionFunctionr realCompositeGridFunctioin the currentframe.
u (input) : grid functionto save

name(input): savein theframeunderthis name.(Currentlyif you changethis namefrom the default thenplotStuf will not
find thesolution).

frameForGrid : indicateswherein the shaow file the grid for this solutioncanbe found. This grid will savedin this frameif
it doesnot alreadyexist. useDe#ultLocation: usedefault location(frame 1), useCurrentFrame currentframe,> 0 :
specifyaframenumber

Author: WDH



2.2 Typical Usage

Consideran examplewherea solver is computingsomevelocity field (u, v). The userwould like to save u, v andthe “Mach
number’u? + v2 in theshaw file. Hereis how this might be done:(file “togshav.C”)

O©oo~NoOUWNE

/1
/1
/1
#i
#i
#i

Test the Overlapping Gid Show file class Ogshow

ncl ude "Overture. h"
ncl ude "QOgshow. h"
ncl ude "HDF_Dat aBase. h"

int
mai n(int argc, char *argv[])

{

/1
/1

Overture::start(argc,argv);
aString nameO OGFil e, nanmeCOf ShowFi | e;

if( arge>1)

nameCf OGFi | e=argv[1];
if( arge>2 )

namef Showri | e=ar gv[ 2] ;

if( nanmeOr OGFi | e=="" )
{

cout << "togshow>> Enter the name of the (old) overlapping grid file:" << endl;

cin >> nameOf OGFi | e;

}
i f ( nameCf Showri | e=="" )
{

cout << "togshow>> Enter the name of the (new) show file (blank for none):" << endl;

cin >> nameCf ShowFi | e;

}

ConpositeGid cg;

get Fr omADat aBase( cg, nameCf OGFi | e) ; /1 read froma data base file
cg. update();

/| HDF_Dat aBase: : debug=1;

int useStreanibde=true;
QOgshow show( naneO ShowFi l e, ". ", useStreanide); // create a show file

show. saveGener al Comment (" Sol ution to the Navier-Stokes"); // save a general

comment in the show file

show. saveCener al Comment (" file witten on April 1"); /'l save anot her general conment

Range all;

real Conposi teG i dFunction q(cg,all,all,all,3); // create a grid function with 3 conponents
real Conposi teG i dFunction u, v, machNunber; // create grid functions for conponents

u. link(qg, Range(0,0)); /1 link uto the first conmponent of q
v.link(q, Range(1,1)); /1 link v to the second conponent of q

/'l save the nanmes of conponents, first name is the nane of the vector
machNunber . | i nk(qg, Range(2, 2)); /1

g. set Name("q"); // assign name to grid function and conponents

g. set Name("u", 0); /1 name of first conponent
q. set Name("v", 1); /1 nanme of second conponent
g. set Name(" Mach Nunber", 2); /1 name of third conponent

char buffer[80]; /'l buffer for sprintf
int nunber O Ti neSt eps=5;
int flushFrequency=2;
cout << "Enter nunber of steps and the flush frequency" << endl;
cin >> nunber O Ti neSt eps >> fl ushFrequency;

show. set Fl ushFr equency( fl ushFrequency);

for( int i=1; i<=nunmberO'TineSteps; i++ ) // Now save the grid functions at different tinme steps

{

show. start Frame(); I/ start a new frame
real t=i*.1;
show. saveComment (0, sPrint F(buffer,"Here is solution %",i));

// comrent O (shown on plot)



68 show. saveComment (1, sPrintF(buffer," t=% ",t)); /1 comrent 1 (shown on plot)

69 for( int grid=0; grid<cg.nunber O ConponentGrids(); grid++)

70 {

71 const real Array & x = cg[grid].vertex()(all,all,all,0);

72 const real Array & y = cg[grid].vertex()(all,all,all,1);

73

74 real fx=2.*Pi*i/nunmber O Ti neSt eps;

75

76 u[ grid]=sin(fx*x)*cos(fx*y); /1 get u and v from sone conputation
77 v[grid]=cos(fx*x)*y;

78

79 machNunber =u* u+v*v;

80 show. saveSol ution( q ); /'l save the current grid function
81 show. get Frane() ->put (t,"t"); /] save sonme extra info using data base functions
82

83 cout << "save solution " << i << endl;

84

85 if( true ) show. endFrane();

86

87 }

88

89 Overture::finish();

90

91 return O;

92 }

In this examplewe alsosave someadditionalinformationinto thedatabase(thetime “t”). Thefunctionget Fr ane returns
apointerto the HDF _Dat aBase directoryin which the currentframeis beingsaved. The databasefunctionput is thenused
to save arealnumber It is alsopossibleto save arraysand Stringsin this way. Seethe databasedocumentatiorior further
details.

2.3 Moving grids

Theonly differencewith moving gridsis thatoneshouldsayshow. set Movi ngG i dPr obl em( TRUE) . In this caseeach
framewill hold anew grid aswell asthe solution.
Seethe moving grid examplein the primerdocumentatiotior anexampleof sazing amoving grid in ashaw file.

3 ShowFileReader

The ShavFileReaderclasscanbe usedto readin gridsandsolutionsfrom a shaw file. This classcanbe used for example,to
readin initial conditionsfor a solver.

3.1 Interface

3.1.1 constructor

ShowFileReader(constaString & showFileName= nullString)

Description: Createan objectfor readingshaow files (generatedy Ogshav) andoptionally supplythe nameof the shaw file
to open.A shaw file canalsobe openedwith theopen memberfunction.

showFileName (input): nameof anexisting show file (if specified).

Author: WDH

3.1.2 close
int
close()

Description: Closeanopensha file.

Author: WDH



3.1.3 getNumberOfFrames
int
getNumberOfFrames()const

Description: Returnghenumberof framesthatexist in the show file.

Author: WDH

3.1.4 getNumberOfSolutions
int
getNumberOfSolutions()const

Description: Returnghenumberof Solutionsthatexist in the show file.

Author: WDH

3.1.5 getNumberOfSequences
int
getNumberOfSequences(onst

Description: Returnghenumberof Sequencethatexist in the show file.

Author: WDH

3.1.6 getAGrid

ReturnType
getAGrid(MappedGrid & mg,
int & solutionNumber,
int frameForGrid =useDefaultLocation)

ReturnType
getAGrid(GridCollection & cg,
int & solutionNumber,
int frameForGrid =useDefaultLocation)

Description: Getgrid GridCollectionor CompositeGridrom a shaw file. If this a moving grid problemthenreturnthe grid
correspondingo a give solutionNumber

cg (output): Thegrid correspondindo the solutionnumberedsol ut i onNunber . This routinewill alwaysreadin a new
grid if agrid is found.

solutionNumber (input): For moving grid problemsonly. Find the grid correspondindo this solutionnumber This number
shouldbe in the range[1,numberOfSolutions]wherenumberOfSolutionss the value by getNumberOfSolutions(f
solutionNumbeiis out of rangethenthe closestvalid solutionnumberis chosenandthis valueis returnedin solution-
Number Thusif you wantto getthelastgrid in thefile choosesolutionNumbeto be ary integerthatis largerthanthe
numberof solutionsin thefile.

frameForGrid : indicateswherein the shaw file the grid for this solutioncanbe found. useDeéultLocation: usedefault
location(frame1 for non-maing grids or the currentframefor moving grids), useCurrentFramecurrentframe,> 0 :
specifyaframenumber

return values: notFoundor gridFound.

Author: WDH



3.1.7 getHeaderComments

constaString*
getHeaderComments(int& numberOfHeaderComments0)

Description: Getheaderrommentdor thelastgrid or solutionthatwasfound
numberOfHeaderCommentsO(output): Thenumberof commentsn thearrayof Strings

return value: An arrayof aStrings with the commentghatareassociateavith this solution. (You might usethe declaration
const aString *header Comrent).

Author: WDH

3.1.8 getASolution

ReturnType

getASolution(int & solutionNumber,
MappedGrid & mg,
realMappedGridFunction & u)

ReturnType

getASolution(int & solutionNumber,
GridCollection & cg,
realGridCollectionFunction & u)

Description: Getgrid (GridCollectionor CompositeGridanda grid function (realGridCollectionFunctioor realComposite-
GridFunction)from ashaow file.

solutionNumber (input/ouptut): The numberof the solutionto get. This numbershouldbein therange[1,numberOfSolu-
tions], wherenumberOfSolutionss the value by getNumberOfSolutions(lf solutionNumbeiis out of rangethenthe
closestvalid solutionnumberis chosenandthis valueis returnedin solutionNumber Thusif you wantto getthe last
solutionin thefile choosesolutionNumbeto beary integerthatis largerthanthe numberof solutionsin thefile.

cg (input/output): Thegrid correspondingo the solutionnumberedsol ut i onNumber . Thegrid cgwill only be changed
undercertaincircumstancesThegrid cgwill be createdor changedn thefollowing cases:

e cgisanull grid oninput.

e Theshaw file containsmoving grids andsolutionNumbetis not equalto the solutionNumbeiof the lasttime this
routinewascalled.

u (output): Thegrid functioncorrespondingo the solutionnumberedsol ut i onNunber
return values: notFoundor gridFoundor solutionfFoundor solutionAndGrid®und.

Author: WDH

3.1.9 getFrame

HDF _DataBase*
getFrame(int solutionNumber = -1)

Description: Returna pointerto the databasedirectory holding a frame; by default the currentframe. You could usethis
pointerto getary additionaldatathathasbeensavedin theframe.In thefollowing examplesomeextra datain theform
of arealArrayis retrieved.

ShowFi | eReader show(...);
show. get ASol ution(...);

real Array nyDat a;
show. get Frane() - >get (nyData, "ny data");

10



solutionNumber (input): gettheframefor this solutionnumber If no agumentis specifiecthenreturnthe currentframe.
Return value: Returnapointerto the databasedirectoryholdingtheframe,possiblyNULL.

Author: WDH

3.1.10 getSequenceNames

int

getSequenceNames(aStrintname, int maximumNumberOfNames)

Description: Returnthe namef the sequencesp to a maximumof maximumNumberOfNames,

Return value:

Author: WDH

3.1.11 getSequence
int
getSequence(insequenceNumber
aString & name,realArray & time, realArray & value,

aString *componentName1,int maxComponentNamel,
aString *componentName2,int maxComponentName?2)

Description: Returnthedatafor asequence.

name (output) : nameof thesequence.

time (output) : time(0...n-1) arrayof n'time’ valuesor otheriterationvariable.

value (output) : value(0...n-1,0..m-1arrayof n valuesfor eachof m components.
componentNamel(output) : namel[0..m-1lhamefor thecomponents.
maxComponentNamel(input) : maximumnumberof arrayelementsn thearraycomponentNamel.
componentNameZoutput) : namedor asecondevel of component8UT DO NOT USETHIS for now.
maxComponentNameZinput) : maximumnumberof arrayelementsn thearraycomponentName2.
Return value: O for success.

Author: WDH

3.1.12 isAMovingGrid

bool
isSAMovingGrid()

Description: ReturnTRUE if thisis amoving grid problem
return value: ReturnTRUE if thisis amoving grid problem

Author: WDH

3.1.13 open

int

open(constaString & showFileName)

Description: Openashow file thatwasgeneratedby Ogshav.
showFileName (input): nameof anexisting shaw file.

Author: WDH

11



3.2 Example: Using ShowFileReaderto Readin Initial Conditions to a PDE Solver

In this examplewe shav how to mounta shaw file andreada grid and solutionfrom the shaw file. We alsoshav how to
interpolatea solutionon one CompositeGrido a solutionon anotherCompositeGricusingthei nt er pol at eAl | Poi nt s
function. Thei nt er pol at eAl | Poi nt s functionis describedn moredetailin the GridFunctiondocumentation.

This exampleshavs how onecouldreadinitial conditionsfor a PDE solver from a shaw file. The CompositeGricusedby

the PDE solver doesnot have to bethe sameasthe CompositeGridn the shawvFile. For example,the grid mayberefinedor a
new componengrid added(file Over t ur e/ exanpl es/ readShowFi | e. ).

1 /7

2 /] Test the ShowFi| eReader

3 /1 o read a solution and grid froma show file

4 |/ o interpolate the solution fromone grid to another grid

5 //

6 #include "Overture.h"

7 #include "Ogshow. h"

8 #include "ShowFil eReader. h"

9 #include "interpol atePoints. h"

10 #include "G._G aphicslnterface. h"

11

12 int

13  main()

14 {

15 ios::sync_with_stdio(); /1 Synchronize C++ and C |/ O subsystens
16 I ndex: : set BoundsCheck(on); // Turn on A++ array bounds checki ng
17

18 /1l initializeMappingList(); /1 this allows Mappings to be nmade with "nake"

20 aString naned ShowFi | e;

21 cout << ">> Enter the nanme of the (old) show file:" << endl;
22 cin >> nameCf Showfi | e;

23 ShowFi | eReader showFi | eReader (naneOf ShowFi | €) ;

24

25 i nt nunber O Fr ames=showFi | eReader . get Nunber O Fr anmes() ;
26 i nt nunber O Sol uti ons = max(1, nunber & Fr anes) ;

27 int solutionNunber;

28

29 ConpositeGid cg;
30 r eal Conposi te& i dFunction u;

31

32 G._Graphicsinterface ps; I/l create a G._Graphicslinterface object

33 Graphi csPar aneters psp; /] create an object that is used to pass paraneters
34

35 aString answer, answer 2;

36 aString nmenu[] = { "get a solution",

37 "interpolate to new grid",

38 "exit",

39 "t

40 const aString *header Conment ;

41 i nt nunber Of Header Conment s;

42 char buff[80];

43

44 for(;;)

45 {

46 ps. get Menul t en( nenu, answer) ;

47 i f( answer=="get a solution" )

48 {

49 /1 In this case the user is asked to choose a solution to read in

50 /1 Choosing a nunber that is too large will cause the last solution to be read
51

52 asString line;

53 ps.inputString(line,sPrintF(buff,"Enter the solution nunber, [1,%] \n", nunber O Sol utions));
54 sscanf (line,"%", &ol uti onNunber);

55

56 showFi | eReader . get ASol uti on(sol uti onNunber, cg, u); // read in a grid and solution
57

58 /1 read any header conmments that go with this solution

59 header Comment =showFi | eReader . get Header Comrent s( nunber O Header Conmmrent s) ;

60

61 for( int i=0; i<nunmberOf Header Comments; i ++ )

62 printf("Header comment: % \n", (const char *)headerComment[i]);

63

12



}

o3

el

{

}
}

psp. set (@ _TOP_LABEL, sPrint F(buff, "solution nunber %", sol uti onNurber));
ps. erase();
Plotlt::contour(ps,u,psp);

se if( answer=="interpolate to new grid" )

/1 In this case we read a solution fromthe showFile and save it in the grid cg and grid function u.
/1 W then read in a different ConpositeGid, cgTo, and create a grid function uTo. We get val ues
/1 on uTo by interpolating fromu

sol uti onNunber =1;

showFi | eReader . get ASol uti on(sol uti onNunber, cg, u);

asString nameCf OGFi | e;
ConpositeGid cgTo;
ps. i nput String(nameC OGFi | e, ">> Enter the nane of the ConpositeGid file (to interpolate to):");

get Fr omADat aBase( cgTo, nameCf OGFi | e) ; /! read froma data base file

cgTo. update();

Range all;

real Conposi teG i dFunction uTo(cgTo,all,all,all, 10);

interpol ateAl | Points( u,uTo ); // interpolate uTo fromu

psp. set (@ _TOP_LABEL, sPrint F(buff,"interpol ated sol ution at nunber %", sol uti onNunber));
ps. erase();

Plotlt::contour(ps, uTo, psp);

se if( answer=="exit" )

br eak;

return O;

13
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